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(57) ABSTRACT

A method of repairing a display substrate includes electri-
cally separating a defective pixel circuit from a pixel elec-
trode and irradiating a laser beam on first and second inter-
section regions. The laser beam is irradiated on the first
intersection region to weld a pixel connection part to a first
repair line. The pixel connection part is connected to the pixel
electrode at the first intersection region, and intersects the first
repair line. The first repair line includes a first welding hole at
the first intersection region. The laser beam is irradiated on
the second intersection region to weld a dummy connection
part of a dummy circuit to a second repair line. The second
repair line intersects the dummy connection part at the second
intersection region, and is separated from the pixel circuit.
The second repair line includes a second welding hole at the
second intersection region.

20 Claims, 7 Drawing Sheets
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FIG. 11

CUTTING A DEFECTIVE PIXEL CIRCUIT FROM A
PIXEL ELECTRODE ——3S5110

i

IRRADIATING A LASER ON A FIRST INTERSECTION
REGION TO WELD A PIXEL CONNECTION PART |~—S120
TO A FIRST REPAIR LINE

{
IRRADIATING THE LASER ON A SECOND
INTERSECT ION REGION TO WELD A DUMMY
CONNECT ION PART ——5130
TO A SECOND REPAIR LINE

END
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1
DISPLAY SUBSTRATE AND METHOD OF
REPAIRING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

Korean Patent Application No. 10-2014-0021052, filed on
Feb. 24,2014, and entitled: “Display Substrate and Method of
Repairing the Same,” is incorporated by reference herein in
its entirety.

BACKGROUND

1. Technical Field

One or more embodiments described herein relate to a
display and method of repairing the same.

2. Description of the Related Art

Flat panel displays have low power consumption and clear
image quality. In order to meet the demand for a high-defini-
tion, wide-screen displays, attempts have been made to
reduce the size of the pixel circuits of these panels, while
increasing the number of pixel circuits. However, the pixel
circuits are easily damaged by external and/or other condi-
tions, which causes them to operate in a defective manner.

SUMMARY

In accordance with one embodiment, a display substrate
includes a substrate; a plurality of pixel circuits on the sub-
strate; a plurality of pixel electrodes, each of the pixel elec-
trodes connected to a respective one of the pixel circuits via a
pixel connection part; a plurality of dummy circuits on the
substrate, each of the dummy circuits separated from the pixel
circuits and including a dummy connection part; and a repair
line on the substrate, wherein the repair line intersects the
pixel connection part at a first intersection region, wherein the
repair line intersects the dummy connection part at a second
intersection region, and wherein the repair line includes a first
welding hole at the first intersection region and a second
welding hole at the second intersection region.

A defective pixel circuit of the pixel circuits may be elec-
trically separated from a corresponding one of the pixel elec-
trodes, a substitution dummy circuit of the dummy circuits
may be electrically connected to the repair line, and the repair
line may be electrically connected to the corresponding one
of' the pixel electrodes. The repair line may be under the pixel
connection part and the dummy connection part of corre-
sponding ones of the pixel electrodes and dummy circuits.

The first insulating layer may be configured to insulate the
repair line from the pixel connection part at the first intersec-
tion region of the corresponding one of the pixel electrodes
and to fill the first welding hole; and a second insulating layer
may be configured to insulate the repair line from the dummy
connection part at the second intersection region of the cor-
responding one of the dummy circuits and to fill the second
welding hole.

The first insulating layer may be in a melted state, and the
pixel connection part of the corresponding one of the pixel
electrodes may penetrates the first insulating layer to contact
the repair line, and the second insulating layer may be in a
melted state, and the dummy connection part of the corre-
sponding one of the dummy circuits may penetrate the second
insulating layer to contact the repair line.

The repair line may include a first extension part at the first
intersection region, the first extension part extending an area
of the repair line; and a second extension part at the second
intersection region, the second extension part extending the
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area of the repair line. Each of the first extension part and the
second extension part may have a concavo-convex shape
when viewed from a bottom of the substrate. The repair line
may include a third welding hole at the first intersection
region; and a fourth welding hole at the second intersection
region.

The substrate may include a laser blocking layer under the
repair line, wherein the laser blocking layer includes an open-
ing to expose the first intersection region and the second
intersection region.

In accordance with another embodiment, a method of
repairing a display substrate includes electrically separating a
defective pixel circuit from a pixel electrode, the pixel circuit
disposed on a substrate; irradiating a laser beam on a first
intersection region to weld a pixel connection part to a first
repair line, wherein the first repair line intersects the pixel
connection part electrically connected to the pixel electrode
at the first intersection region, the first repair line including a
first welding hole at the first intersection region; and irradi-
ating the laser beam on a second intersection region to weld a
dummy connection part of a dummy circuit to a second repair
line, wherein the second repair line intersects the dummy
connection part at the second intersection region, wherein the
dummy circuit is separated from the pixel circuit, and
wherein the second repair line includes a second welding hole
at the second intersection region.

The defective pixel circuit may be electrically separated
from the pixel electrode by the laser beam irradiated on the
pixel connection part. The laser beam may be irradiated on a
bottom of the substrate toward a top of the substrate. The first
repair line may be insulated from the pixel connection part by
a first insulating layer between the first repair line and the
pixel connection part, and the second repair line may be
insulated from the dummy connection part by a second insu-
lating layer between the second repair line and the dummy
connection part.

The laser beam may be irradiated along a boundary line of
the first welding hole and a boundary line of the first inter-
section region, the first insulating layer may be melted by the
laser beam, and the pixel connection part may penetrate the
first insulating layer to contact the first repair line.

The laser beam may be irradiated along a boundary line of
the second welding hole and a boundary line of the second
intersection region, the second insulating layer may be melted
by the laser beam, and the dummy connection part may pen-
etrate the second insulating layer to contact the second repair
line.

The first repair line may include a first extension part at the
first intersection region, the first extension part extending an
area of the first repair line, and the second repair line may
include a second extension part at the second intersection
region, the second extension part extending an area of the
second repair line. The laser beam may be irradiated along a
boundary line of the first welding hole, a boundary line of the
first intersection region, and a boundary line of the first exten-
sion part, the first insulating layer may be melted by the laser
beam, and the pixel connection part may penetrate the first
insulating layer to contact the first repair line.

The laser beam may be irradiated along a boundary line of
the second welding hole, a boundary line of the second inter-
section region, and a boundary line of the second extension
part, the second insulating layer may be melted by the laser
beam, and the dummy connection part may penetrate the
second insulating layer to contact the second repair line.

Each of the first extension part and the second extension
part may have a concavo-convex shape when viewed from a
bottom of the substrate. The laser beam may be irradiated on
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an opening of a laser blocking layer under the first repair line
and the second repair line, the opening to expose the first
intersection region and the second intersection region.

BRIEF DESCRIPTION OF THE DRAWINGS

Features will become apparent to those of skill in the art by
describing in detail exemplary embodiments with reference
to the attached drawings in which:

FIG. 1 illustrates an embodiment of a display substrate;

FIG. 2 illustrates a view taken along section line I-I' in FIG.
1

FIG. 3 illustrates a view taken along section line II-II' in
FIG. 1;

FIG. 4 illustrates an example of a repair line in the display
substrate of FIG. 1;

FIGS. 5A and 5B illustrate cross-sectional views of a pro-
cess for welding a repair line in FIG. 4 to a pixel connection
part;

FIG. 6 illustrates another example of a repairline in FIG. 1;

FIG. 7 illustrates another example of a repairline in FIG. 1;

FIG. 8 illustrates another example of a repairline in FIG. 1;

FIG. 9 illustrates another embodiment of a display sub-
strate;

FIG. 10 illustrates a cross-sectional view of a repair line
and a dummy circuit in FIG. 9; and

FIG. 11 illustrates an embodiment of a method for repair-
ing a display substrate.

DETAILED DESCRIPTION

Example embodiments are described more fully hereinat-
ter with reference to the accompanying drawings; however,
they may be embodied in different forms and should not be
construed as limited to the embodiments set forth herein.
Rather, these embodiments are provided so that this disclo-
sure will be thorough and complete, and will fully convey
exemplary implementations to those skilled in the art.

In the drawing figures, the dimensions of layers and
regions may be exaggerated for clarity of illustration. It will
also be understood that when a layer or element is referred to
as being “on” another layer or substrate, it can be directly on
the other layer or substrate, or intervening layers may also be
present. Further, it will be understood that when a layer is
referred to as being “under” another layer, it can be directly
under, and one or more intervening layers may also be
present. In addition, it will also be understood that when a
layer is referred to as being “between” two layers, it can be the
only layer between the two layers, or one or more intervening
layers may also be present. Like reference numerals refer to
like elements throughout.

FIG. 1 illustrates an embodiment of a display substrate.
FIG. 2 illustrates a cross-sectional view taken along a line I-I'
of the display substrate in FIG. 1. FIG. 3 illustrates a cross-
sectional view taken along a line II-II' of the display substrate
in FIG. 1. FIG. 4 illustrates an example of a repair line in the
display substrate in FIG. 1. FIGS. 5A and 5B are cross-
sectional views corresponding to a process for welding the
repair line in FIG. 4 to a pixel connection part, by a laser
welding.

Referring to FIGS. 1 through 5B, the display substrate 100
includes a substrate 110, a pixel circuit 120, a dummy circuit
140, a pixel electrode 130, and a plurality of repair lines 150,
155, and 157.

The display substrate 100 may be a substrate for a display
panel. For example, the display substrate 100 may be applied
to a liquid crystal display panel or an organic light emitting
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display panel. In an example embodiment, when the display
substrate 100 is applied to an organic light emitting display
panel, an organic light emitting layer may be disposed on the
pixel electrode 130. When the display substrate 100 is applied
to a liquid crystal display panel, a liquid crystal may be
disposed, for example, on the pixel electrode 130.

The substrate 110 may support the pixel circuit 120, the
dummy circuit 140, the pixel electrode 130, and the repair
lines 150, 155, and 157. The substrate 110 may be, for
example, a glass substrate or a plastic substrate to maintain a
physical toughness and a chemical stability. If the substrate
110 is the glass substrate, the substrate 110 may include
silicon oxide (SiOx). If the substrate 110 is the plastic sub-
strate, the substrate 110 may include, for example, polyacry-
late (PAR), polyetherimide (PEI), polyethylen terephthalate
(PET), polyethylen naphthalate (PEN), polyphenylene sul-
fide (PPS), and/or Polyimide, polycarbonate (PC).

The pixel circuit 120 may be on the substrate 110 and
electrically connected to the pixel electrode 130 via a pixel
connection part 128. The pixel circuit 120 may include a
switching element transmitting an electrical signal to the
pixel electrode 130. For example, the switching element may
be a thin film transistor (TFT). For convenience of descrip-
tion, the thin film transistor is illustrated in FIG. 2 as the pixel
circuit 120.

In one embodiment, the pixel circuit 120 may include a
gate electrode 121, a gate insulation layer 123 covering the
gate electrode 121, a semiconductor layer 125 overlapping
the gate electrode and disposed on the gate insulation layer
123, and a source electrode 127 and a drain electrode 129 that
contact the semiconductor layer 125.

The gate electrode 121 may form a channel at the semicon-
ductor layer 125 based on a gate voltage, and may turn-on or
turn-off the thin film transistor. The gate electrode 121 may
include, for example, a metal, a conductive metal nitride, a
conductive metal oxide, or a transparent conductive material.

The gate insulation layer 123 may cover the gate electrode
121 and may insulate the gate electrode 121 from the semi-
conductor layer 125. The gate insulation layer 123 may
include, for example, an oxide or an organic insulating mate-
rial.

The semiconductor layer 125 may disposed on the gate
insulation layer 123 and may overlap the gate electrode 121.
When the gate voltage is applied to the gate electrode 121, the
channel may be formed in the semiconductor layer 125 and an
electrical signal may be transmitted from the source electrode
127 to the drain electrode 129. The semiconductor layer 125
may include, e.g., polysilicon, polysilicon having impurity,
an amorphous silicon, an amorphous silicon having impurity,
an oxide silicon, or an oxide silicon having impurity.

The source electrode 127 and the drain electrode 129 may
be electrically connected to the semiconductor layer 125. For
example, the source electrode 127 and the drain electrode 129
may contacted respective sides of the semiconductor layer
125. Each of the source electrode 127 and the drain electrode
129 may include, for example, a metal, a conductive metal
nitride, a conductive metal oxide, or a transparent conductive
material.

The pixel connection part 128 may be electrically con-
nected to the drain electrode 129 of the pixel circuit 120. For
example, the pixel connection part 128 may be connected to
the drain electrode 129 in a single conductive layer. Further,
the pixel connection part 128 may be electrically connected to
the pixel electrode 130. For example, the pixel connection
part 128 may directly contact the pixel electrode 130. Thus,
the electrical signal may be transmitted to the pixel electrode
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130 via the source electrode 127, the drain electrode 129 of
the pixel circuit 120, and the pixel connection part 128.

The pixel connection part 128 may include the same mate-
rial as that of the drain electrode 129 of the pixel circuit 120.
For example, the pixel connection part 128 may include, for
example, a metal, a conductive metal nitride, a conductive
metal oxide, or a transparent conductive material. The pixel
connection part 128 may be formed to have a single-layer
structure or multi-layer structure.

The pixel electrode 130 may drive a pixel based on the
electrical signal input from the pixel connection part 128. For
example, when the display substrate 100 is applied to an
organic light emitting display panel, the pixel electrode 130
may drive the organic light emitting layer to emit light. When
the display substrate 100 is applied to a liquid crystal display
panel, the pixel electrode 130 may affect an arrangement of
liquid crystals.

The pixel electrode 130 may be located in a pixel region
formed by the pixels, and may be arranged in a predetermined
pattern. The pixel electrode 130 may include, for example, a
metal (e.g., aluminum (Al), silver (Ag), gold (Au), platinum
(Pt), chromium (Cr), tungsten (W), molybdenum (Mo), tita-
nium (T1), palladium (Pd) or an alloy thereof), a transparent
conductive material (e.g., indium tin oxide (ITO), indium
zinc oxide (IZO), aluminum zinc oxide (AZO), tin oxide
(SnOx), indium oxide (InOx), and/or gallium oxide (GaOx),
etc.). The pixel electrode 130 may have a single-layer struc-
ture or multi-layer structure.

The dummy circuit 140 may be separated from the pixel
circuit 120. The dummy circuit 140 may be substituted for a
defective pixel circuit. The dummy circuit 140 may consis-
tently transmit the electrical signal to the pixel electrode 130
as a substitute for the defective pixel circuit. For example, the
defective pixel circuit may be generated during a manufac-
turing process for the display panel, or the pixel circuit may be
damaged by an external environment (e.g., electrostatic elec-
tricity). The defective pixel circuit (i.e., damaged pixel cir-
cuit) may not transmit the electrical signal to the pixel elec-
trode 130, or transmit a defective signal to the pixel electrode
130. Accordingly, the pixel may malfunction by the defective
pixel circuit.

To solve this problem, the defective pixel circuit may be cut
from the pixel electrode 130, for example, by a laser cutting.
If the pixel circuit 120 is the defective pixel circuit as illus-
trated in FIG. 2, a laser beam may be irradiated to a connec-
tion region CA, at which the drain electrode 129 is connected
to the pixel connection part 128. The drain electrode 129 may
be cut from the pixel connection part 128 by the laser beam.

A cut pixel circuit 120 may be substituted for the dummy
circuit 140. The dummy circuit 140 may be connected to the
pixel connection part 128, and may transmit the electrical
signal to the pixel electrode 130 consistently. In this way, the
defective pixel circuit 120 may be repaired. The dummy
circuit 140 may have substantially the same circuit features as
pixel circuit 120. For example, the dummy circuit 140 may
include a thin film transistor. For convenience of description,
the thin film transistor is illustrated in FIG. 3 as the dummy
circuit 140.

In one embodiment, the dummy circuit 140 may include a
dummy gate electrode 141, a dummy gate insulation layer
143 covering the dummy gate electrode 141, a dummy semi-
conductor layer 145 overlapping dummy gate electrode 141
and disposed on the dummy gate insulation layer 143, and a
dummy source electrode 147 and a dummy drain electrode
149 which contact the dummy semiconductor layer 145.

The dummy gate electrode 141, the dummy gate insulation
layer 143, the dummy semiconductor layer 145, the dummy
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source electrode 147, and the dummy drain electrode 149 of
the dummy circuit 140 may be substantially same as the gate
electrode 121, the gate insulation layer 123, the semiconduc-
tor layer 125, the source electrode 127, and the drain electrode
129 of the pixel circuit 120, respectively.

A dummy connection part 148 may be electrically con-
nected to the dummy drain electrode 149 of the dummy
circuit 140. For example, as illustrated in FIG. 3, the dummy
connection part 148 may be connected to the dummy drain
electrode 149 in a single conductive layer. The dummy con-
nection part 148 may include the same material as the dummy
drain electrode 149 of the dummy circuit 140. For example,
the dummy connection part 148 may include, for example, a
metal, a conductive metal nitride, a conductive metal oxide,
or a transparent conductive material. The dummy connection
part 148 may have a single-layer structure or multi-layer
structure.

The repairlines 150, 155, and 157 may electrically connect
the pixel electrode 130 to the dummy circuit 140. The repair
lines 150, 155, and 157 may include a plurality of lines
intersecting each other. For example, the repair line 150, 155,
and 157 may include horizontal repair lines 150 and 157
arranged in a horizontal direction, and a vertical repair line
155 arranged in a vertical direction. The horizontal repair
lines 150 and 157 may include a repair line 150 intersecting
the pixel connection part 128 and a repair line 157 intersect-
ing with the dummy connection part 148. For illustrative
purposes, the repair line 150 which intersects the pixel con-
nection part 128 is defined as a first repair line 150, the repair
line 157 intersecting the dummy connection part 148 is
defined as a second repair line 157, and the repair line 155
arranged in the vertical direction is defined as a third repair
line 155.

In one embodiment, the first repair line 150, the second
repair line 157, and the third repair line 155 may be separated
from each other. For example, the first repair line 150, the
second repair line 157, and the third repair line 155 may be
disposed in different layers that are separated from each other.
In another embodiment, the first repair line 150, the second
repair line 157, and the third repair line 155 may be formed in
one line on the same layer.

The repair lines 150, 155, and 157 may be electrically
connected to the pixel connection part 128 and the dummy
connection part 148, for example, by laser welding. For
example, the first repair line 150 may be welded to the pixel
connection part 128 by irradiating a laser beam on a first
intersection region WA1, at which the first repair line 150
intersects the pixel connection part 128. The second repair
line 157 may be welded to the dummy connection part 148 by
irradiating the laser beam on a second intersection region
WA2, at which the second repair line 157 intersects the
dummy connection part 148. The third repair line 155 may be
welded to the first repair line 150 by irradiating the laser beam
on a third intersection region WA3, at which the third repair
line 155 intersects the first repair line 150. Furthermore, the
third repair line 155 may be welded to the second repair line
157 by irradiating the laser beam on a fourth intersection
region WA4, at which the third repair line 155 intersects the
second repair line 157.

Accordingly, the dummy circuit 140 may be electrically
connected to the pixel electrode 130 via the dummy connec-
tion part 148, the second repair line 157 welded to the dummy
connection part 148, the third repair line 155 welded to the
second repair line 157, the first repair line 150 welded to the
third repair line 155, and the pixel connection part 128 welded
to the first repair line 150.



US 9,360,691 B2

7

In one embodiment, the laser beam may be irradiated on a
bottom of the substrate 110 toward a top of the substrate 110.
If the laser beam is irradiated on the top of the substrate 110
toward the bottom of the substrate 110, the laser may not
reach the repair lines 150, 155, and 157 as a result of being
blocked by other elements on the top of the substrate 110.

For example, when the pixel electrode 130 includes metal,
the pixel electrode 130 may serve as a reflective electrode.
Accordingly, the laser beam may be reflected by the pixel
electrode 130, and therefore may not reach the repair lines
150,155, and 157. However, when the laser beam is irradiated
on the bottom of the substrate 110 toward the top of the
substrate 110, the laser beam may easily reach the repair lines
150, 155, and 157 on the bottom of the substrate 110. Accord-
ingly, the repair lines 150, 155, and 157 may be easily welded
to the pixel connection part 128 and the dummy connection
part 148.

The repair lines 150, 155, and 157 may be insulated from
the pixel connection part 128 and the dummy connection part
148. For example, as illustrated in FIG. 2, a first insulating
layer 123 may be disposed between the first repair line 150
and the pixel connection part 128, to insulate the first repair
line 150 from the pixel connection part 128. For example, the
first insulating layer 123 may serve as the gate insulation layer
123. The gate electrode 121 and the first repair line 150 may
be disposed on the same layer, and the gate insulation layer
123 (e.g., the first insulating layer) may cover the gate elec-
trode 121 and the first repair line 150.

Further, as illustrated in FIG. 3, a second insulating layer
143 may be disposed between the second repair line 157 and
the dummy connection part 148, to insulate the second repair
line 157 from the dummy connection part 148. For example,
the second insulating layer 143 may serve as the dummy gate
insulation layer 143. The dummy gate electrode 141 and the
second repair line 157 are disposed on the same layer, and the
dummy gate insulation layer 143 (e.g., the second insulating
layer) may cover the dummy gate electrode 141 and the
second repair line 157.

Further, a third insulating layer may be disposed between
the first repair line 150 and the third repair line 155, to insulate
the first repair line 150 from the third repair line 155. A fourth
insulating layer may be disposed between the second repair
line 157 and the third repair line 155, to insulate the second
repair line 157 from the third repair line 155. The insulating
layers 123 and 143 may include, for example, an oxide or an
organic insulating material. For example, the insulating lay-
ers 123 and 143 may include, for example, silicon oxide
(8i0x), hafnium oxide (HfOx), aluminum oxide (AlOx), zir-
conium oxide (ZrOx), titanium oxide (TiOx), tantalum oxide
(TaOx), a benzocyclobutene (BCB)-based resin, or an acryl-
based resin.

In one embodiment, the repair lines 150, 155, and 157 may
be under the pixel connection part 128 and the dummy con-
nection part 148. For example, as illustrated in FIG. 2, the
pixel connection part 128 may intersect with the first repair
line 150 at the first intersection region WA1. Further, as
illustrated in FIG. 3, the dummy connection part 148 may
intersect the second repair line 157 at the second intersection
region WA2. In example embodiments, the repair lines 150,
155, and 157 may include, for example, a metal, a conductive
metal nitride, a conductive metal oxide, or a transparent con-
ductive material, to easily transmit the electrical signal from
the dummy circuit 140 to the pixel electrode 130. The repair
lines 150, 155, and 157 may have a single-layer structure or
multi-layer structure.

In one embodiment, as illustrated in FIG. 4, each of the
repair lines 150, 155, and 157 may include at least one weld-
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ing hole 151. The repair lines 150, 155, and 157 may be easily
welded by the welding hole 151. For example, when the first
repair line 150 is welded to the pixel connection part 128, as
illustrated in FIG. 5A, the laser beam is irradiated on the
bottom of the substrate 110. The first insulating layer 123 and
the pixel connection part 128 on the first insulating layer 123
may be melted by energy of the laser beam.

A melted pixel connection part 128 may flow down through
the melted first insulating layer 123. The melted pixel con-
nection part 128 may contact the first repair line 150, as
illustrated in FIG. 5B. A part of the first insulating layer 123
under a boundary region 153 of the first intersection region
WA1 may be easily melted. However, other parts of the first
insulating layer 123 may not melt despite the laser welding.
This may prevent the first repair line 150 from being welded
to the pixel connection part 128.

To solve this problem, the repair lines 150, 155, and 157
may include at least one welding hole 151. The welding hole
151 may expose the first insulating layer 123 or the second
insulating layer 143. The laser may easily reach the first
insulating layer 123 or the second insulating layer 143 via the
welding hole 151. For example, as illustrated in FIG. 4, the
first insulating layer 123 may easily melt at not only the
boundary region 153 of the first intersection region WA1, but
also a boundary region 152 of the welding hole 151. Accord-
ingly, the repair lines 150, 155, and 157 may easily be welded
to the pixel connection part 128 and the dummy connection
part 148. Thus, a probability of success for the laser welding
may be increased.

The pixel connection part 128 may penetrate the first insu-
lating layer 123 melted at the boundary region 153 of the first
intersection region WA1 and the boundary region 152 of the
welding hole 151, so that the pixel connection part 128 may
contact the first repair line 150. Thus, the pixel connection
part 128 may contact the first repair line 150 at not only the
boundary region 153 of the first intersection region WA1, but
also the boundary region 152 of the welding hole 151. There-
fore, the number of welding points 126 at which the pixel
connection part 128 contact the first repair line 150 may be
increased.

The welding hole 151 may be disposed at each of the
intersection regions WA1, WA2, WA3, and WA4 of the repair
lines 150, 155, and 157. For example, as illustrated in FIG. 4,
a first welding hole 151 may be disposed at the first intersec-
tion region WAL, at which the first repair line 150 intersects
the pixel connection part 128. A second welding hole may be
disposed at the second intersection region WA2, at which the
second repair line 157 intersects the dummy connection part
148.

Further, a welding hole may be disposed at the third inter-
section region WA3, at which the first repair line 150 inter-
sects the third repair line 155, and the fourth intersection
region WA4 at which the second repair line 157 intersects the
third repair line 155. For example, when the first repair line
150, the second repair line 155, and the third repair line 157
are formed in one line, the welding hole 151 may be disposed
at the first intersection region WA1 at which the repair line
150, 155, and 157 intersects the pixel connection part 128 and
the second intersection region WA2 at which the repair line
150, 155, and 157 intersects the dummy connection part 148,
respectively.

The welding hole 151 may have various shapes and sizes.
For example, the welding hole 151 may have a polygonal
shape, a circular shape, or an elliptical shape. Further, as
illustrated in F1G. 4, the welding hole 151 may have a smaller
size than a width of the repair lines 150, 155, and 157.
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As described above, the display substrate 100 may include
the dummy circuit 140 that may be substituted for a defective
pixel circuit. Also, the repair lines 150, 155, and 157 may be
connect the dummy circuit 140 to a pixel electrode 130. The
repair lines 150, 155, and 157 may include the welding hole
151. The repair lines 150, 155 and 157 may be easily welded
to respective ones of the dummy circuit 140 and the pixel
electrode 130, by irradiating a laser beam on the welding hole
151. Therefore, the dummy circuit 140 may be easily con-
nected to the pixel electrode 130, and the defective pixel
circuit of the display substrate 100 may be easily repaired.
Accordingly, the display substrate 100 may have improved
reliability.

FIG. 6 illustrates another example of a repair line in the
display substrate of FIG. 1. Referring to FIG. 6, the repair line
250 may include a welding hole 251 and an extension part
254. All elements of the repair line 250, except the extension
part 254 in the repair line 250, may be substantially same as
the repair lines 150, 155, and 157 in FIGS. 1 through 5B.

The extension part 254 may extend at one or more inter-
section regions at which the repair line 250 intersects the pixel
connection part 228 (or the dummy connection part). As
illustrated in FIG. 6, the extension part 254 may be disposed
at respective intersection regions at which the repair line 250
intersects the pixel connection part 228 (or the dummy con-
nection part). An area of the respective intersection regions
may be extended by the extension part 254.

As described above, laser welding may be performed at the
respective intersection regions, and an insulating layer
between the repair line 250 and the pixel connection part 228
(or the dummy connection part) may be melted by the laser
beam. The pixel connection part 228 (or the dummy connec-
tion part) may penetrate the melted insulating layer, so that
the pixel connection part 228 may contact the repair line 250.
The insulating layer may be easily melted at a boundary
region 253 of the respective intersection region. Because the
extension part 254 extends an area of the boundary region 253
of'the respective intersection regions, the insulating layer may
easily melt at the extended boundary region 253. Accord-
ingly, a probability of success for the laser welding is
increased.

For example, the insulating layer may be easily melted at a
boundary region 252 of the welding hole 251 and at the
boundary region 253 of the intersection region extended by
the extension part 254. The pixel connection part 228 (or the
dummy connection part) may penetrate the melted insulating
layer, so that the pixel connection part 228 may be easily
welded to the repair line 250.

In one embodiment, the extension part 254 may be dis-
posed at respective intersection regions of the repair line 250.
For example, a first extension part 254 may be disposed at a
first intersection region, at which a first repair line 250 inter-
sects the pixel connection part 228. A second extension part
may be disposed at a second intersection region, at which a
second repair line intersects the dummy connection part.
Extension parts may be respectively disposed at a third inter-
section region, at which the first repair line 250 intersects a
third repair line, and at a fourth intersection region at which
the second repair line intersects the third repair line.

In one embodiment, when the first repair line 250, the
second repair line, and the third repair line are formed in one
line, the welding hole 251 and the extension part 254 may be
respectively disposed at a first intersection region, at which
the repair line 250 intersects the pixel connection part 228,
and at a second intersection region at which the repair line 250
intersects the dummy connection part. The extension part 254
may have various shapes and sizes. For example, the exten-
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sion part 254 may have a protrusion shape as illustrated in
FIG. 6, so that the area of the intersection region may be
extended.

As described above, the display substrate according to one
embodiment includes the dummy circuit that may be substi-
tuted for the defective pixel circuit, and the repair line 250 that
may connect the dummy circuit to a pixel electrode. The
repair line 250 may include the welding hole 251 and the
extension part 254. The repair line 250 may be easily welded,
respectively, to the dummy circuit and the pixel electrode by
a laser beam irradiated on the boundary region 252 of the
welding hole 251 and the boundary region 253 of the exten-
sion part 254. Therefore, the dummy circuit may be easily
connected to the pixel electrode, and the defective pixel cir-
cuit of the display substrate may be easily repaired. Accord-
ingly, the display substrate may have improved reliability.

FIG. 7 illustrates another example of a repair line in the
display substrate of FIG. 1. Referring to FIG. 7, the repair line
350 may include two welding holes 351a and 3515 separated
from each other. All elements of the repair line 350, except
two welding holes 351a and 3515, may be substantially same
as the repair lines 150, 155, and 157 of FIGS. 1 through 5B.

In one embodiment, the repair line 350 may include a
plurality of welding holes 351a and 3515. As described
above, the repair line 350 may be easily welded to a pixel
connection part 328 and a dummy connection part by a laser
beam irradiated on the welding holes 351a and 3515. Thus, if
the number of the welding holes 3514 and 3515 is increased,
the repair line 350 may be more easily welded.

The welding holes 351a and 3515 may expose an insulat-
ing layer between the repair line 350 and the pixel connection
part 328 (or the dummy connection part). The laser beam may
easily reach the insulating layer through the welding holes
351a and 3515. Thus, the insulating layer may be easily
melted by the laser beam, and the probability of success for
laser welding may be increased.

For example, part of the insulating layer under a first
boundary region 352a of a first welding hole 351a and
another part of the insulating layer under a third boundary
region 3526 of a third welding hole 3515 may be easily
melted by the laser beam. Further, the other part of the insu-
lating layer under a boundary region 353 of a first intersection
region, at which a first repair line 350 intersects the pixel
connection part 328, may be easily melted by the laser beam.
The pixel connection part 328 may penetrate the melted insu-
lating layer to contact the first repair line 350.

In one embodiment, the welding holes 3514 and 3515 may
be disposed at respective intersection regions of the repair
line 350. For example, the first welding hole 351a and the
third welding hole 3515 may be disposed at the first intersec-
tion region, at which the first repair line 350 intersects the
pixel connection part 328. The second welding hole and the
fourth welding hole may be disposed at a second intersection
region, at which a second repair line intersects the dummy
connection part. Further, a plurality of welding holes may be
disposed respectively at a third intersection region, at which
the first repair line 350 intersects a third repair line, and a
fourth intersection region at which the second repair line
intersects the third repair line.

In one embodiment, when the first repair line 350, the
second repair line, and the third repair line are formed in one
line, the welding holes 351a and 3515 may be disposed
respectively at a first intersection region, at which the repair
line 350 intersects the pixel connection part 328, and at a
second intersection region at which the repair line 350 inter-
sects the dummy connection part. The welding holes 351a
and 3515 may have a various shapes and sizes.
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As described above, the display substrate according to one
embodiment may include the dummy circuit that may be
substituted for the defective pixel circuit, and the repair line
that may connect the dummy circuit to a pixel electrode. The
repair line 350 may include a plurality of welding holes 351a
and 3515. The repair line 350 may be easily welded respec-
tively to the dummy circuit and the pixel electrode by a laser
beam irradiated on the boundary regions 3524 and 3525 of the
welding holes 351a and 3514. Therefore, the dummy circuit
may be easily connected to the pixel electrode, and the defec-
tive pixel circuit of the display substrate is easily repaired.
Accordingly, the display substrate may have improved reli-
ability.

FIG. 8 illustrates another example of a repair line in the
display substrate of FIG. 1. Referring to FIG. 8, the repair line
450 may include a welding hole 451 and a plurality of exten-
sion parts 454. All elements of the repair line 450, except the
extension parts 454, may be substantially same as the repair
line 250 of FIG. 6.

The extension parts 454 may extend an area of respective
intersection regions at which the repair line 450 intersects a
pixel connection part 428 (or a dummy connection part). As
illustrated in FIG. 8, the extension parts 454 may be disposed
at the respective intersection regions, at which the repair line
450 intersects the pixel connection part 428 (or the dummy
connection part). An area of the respective intersection
regions may be extended by the extension parts 454.

As described above, laser welding may be performed at the
respective intersection regions, and an insulating layer
between the repair line 450 and the pixel connection part 428
(or the dummy connection part) may be easily melted by the
laser. The pixel connection part 428 (or the dummy connec-
tion part) may penetrate the melted insulating layer, so that
the pixel connection part 428 (or the dummy connection part)
may contacted the repair line 450. The insulating layer may be
easily melted at a boundary region 453 of the respective
intersection regions. Because the extension parts 454 extend
an area of the boundary region 453 of the respective intersec-
tion regions, the insulating layer may be easily melted at the
extended boundary region 453. Accordingly, the probability
of success for the laser welding is increased.

For example, the insulating layer may be easily melted at a
boundary region 452 of the welding hole 451 and at the
boundary region 453 of the intersection region extended by
the extension parts 454. The pixel connection part 428 (or the
dummy connection part) may penetrate the melted insulating
layer, so that the pixel connection part 428 may be easily
welded to the repair line 450.

In one embodiment, the extension parts 454 may be dis-
posed at the respective intersection regions of the repair line
450. For example, first extension parts 454 may be disposed at
a first intersection region, at which a first repair line 450
intersects the pixel connection part 428. Second extension
parts may be disposed at a second intersection region, at
which a second repair line intersects the dummy connection
part. Further, a plurality of extension parts may be disposed
respectively at a third intersection region, at which the first
repair line 450 intersects a third repair line, and at a fourth
intersection region at which the second repair line intersects
the third repair line.

In one embodiment, when the first repair line 450, the
second repair line, and the third repair line are formed in one
line, the welding hole 451 and the extension parts 454 may be
disposed respectively at a first intersection region, at which
the repair line 450 intersects the pixel connection part 428,
and at a second intersection region at which the repair line 450
intersects the dummy connection part.
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The extension parts 454 may have various shapes and sizes.
For example, the extension parts 454 may have a protrusion
shape as illustrated in FIG. 8. The extension parts 454 may
have a concavo-convex shape from a bottom view of the
substrate, so that the area of the intersection region may be
extended to a greater extent, and the repair line 450 may be
more easily welded to the pixel electrode.

As described above, the display substrate according to one
embodiment may include a dummy circuit that may be sub-
stituted for a defective pixel circuit, and a repair line 450 that
may connect the dummy circuit to a pixel electrode. The
repair line 450 may include the welding hole 451 and a
plurality of extension parts 454. The repair line 450 may be
easily welded respectively to the dummy circuit and the pixel
electrode by a laser beam irradiated on the boundary region
452 of the welding hole 451 and the boundary region 453 of
the extension parts 454. Therefore, the dummy circuit may be
easily connected to the pixel electrode, and the defective pixel
circuit of the display substrate may be easily repaired.
Accordingly, the display substrate may have improved reli-
ability.

FIG. 9 illustrates another embodiment of a display sub-
strate 500, and FIG. 10 is a cross-sectional view of a repair
line and a dummy circuit in FIG. 9. Referring to FIGS. 9 and
10, the display substrate 500 includes a pixel circuit, a dummy
circuit 540, a pixel electrode, repair lines 550 and 557, and a
laser blocking layer 512. All elements of the display substrate
500, except the laser blocking layer 512, may be substantially
same as the display substrate 100 of FIGS. 1 through 5B.

The laser blocking layer 512 may block a laser incident to
all regions, except an intersection region at which the repair
lines 550 and 557 intersect a pixel connection part 528 (or a
dummy connection part 548). The laser used in laser welding
may adversely affect elements disposed on a substrate 510
under some circumstances. For example, a laser beam irradi-
ated on a bottom of the substrate 510 may adversely affect the
dummy circuit 540. The dummy circuit 540 may be damaged
by the laser beam.

In one embodiment, to prevent the dummy circuit 540 from
damage, a laser beam having low energy may be irradiated on
the bottom of the substrate 510, and the repair lines 550 and
557 may be welded by the low energy laser beam. Accord-
ingly, the repair lines 550 and 557 may not be welded to a
pixel electrode and the dummy circuit 540 by the low energy
laser beam.

However, when the laser blocking layer 512 is under the
dummy circuit 540, as illustrated in FIG. 10, a laser beam
incident on the dummy circuit 540 may be blocked by the
laser blocking layer 512. Accordingly, the dummy circuit 540
may be protected during a laser welding process, and a high
energy laser may be used in the laser welding process to weld
the repair lines 550 and 557. Thus, the repair line 550 and 557
may be strongly welded to the pixel electrode and the dummy
circuit 540, and the probability of success for laser welding
may be increased.

In one embodiment, the laser blocking layer 512 may be
under the repair lines 550 and 557. Because the laser beam is
irradiated on the bottom of the substrate 510 toward the top of
the substrate 510, the laser blocking layer 512 may be dis-
posed near the bottom of the substrate 510 to effectively block
the laser. Thus, the laser blocking layer 512 may be under the
repair lines 550 and 557, the pixel connection part 528, and
the dummy connection part 548 as illustrated in FIG. 9.

In one embodiment, the laser blocking layer 512 may
absorb or reflect the laser beam. Accordingly, the laser block-
ing layer 512 may include, for example, an organic material,
ametal, or another material that is able to absorb or reflect the
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laser beam. For example, the laser blocking layer 512 may
include an opaque organic material or an opaque metal (e.g.,
molybdenum, chromium, tantalum(Ta), titanium).

In one embodiment, the laser blocking layer 512 may
include an opening OA exposing the intersection region. A
laser beam may be irradiated on the intersection region via the
opening OA. Because the opening OA exposes the repair
lines 550 and 557, the repair lines 550 and 557 in the opening
OA may be shown to be disposed at substantially the same
layer (or level) as the laser blocking layer 512 as illustrated in
FIG. 10.

However, the repair lines 550 and 557, in all regions except
the opening OA, may be disposed on an upper surface of the
laser blocking layer 512. Although the repair lines 550 and
557 are shown to be disposed at the same layer (or level) as the
laser blocking layer 512 in FIG. 10, the repair lines 550 and
557 may be disposed on the upper surface of the laser block-
ing layer 512 in other embodiments.

In one embodiment, the opening OA may be disposed at the
intersection region at which the repair lines 550 and 557
intersects the pixel connection part 528 (or the dummy con-
nection part 548). For example, a first opening OA may be
disposed at a first intersection region, at which a first repair
line 550 intersects the pixel connection part 528, and a second
opening OA may be disposed at a second intersection region
at which a second repair line 557 intersects the dummy con-
nection part 548.

Further, an opening may be disposed respectively at a third
intersection region, at which the first repair line 550 intersects
athird repair line, and at a fourth intersection region at which
the second repair line 557 intersects the third repair line. The
opening OA may have various shapes and sizes. For example,
as illustrated in FIG. 9, the opening OA may have a polygonal
shape exposing the intersection region at which the repair
lines 550 and 557 intersect the pixel connection part 528 (or
the dummy connection part 548), from a bottom view of the
substrate 510.

As described above, the display substrate 500 may include
the dummy circuit 540 that may be substituted for the defec-
tive pixel circuit, the repair lines 550 and 557 that may con-
nect the dummy circuit 540 to a pixel electrode, and the laser
blocking layer 512 blocking the laser incident to all regions
except the intersection region at which the repair lines 550
and 557 intersect the pixel connection part 528 (or the dummy
connection part 548). The laser blocking layer 512 may pro-
tect the dummy circuit 540 from the damage induced by the
laser, and the repair lines 550 and 557 may be strongly welded
respectively to the dummy circuit 540 and the pixel electrode
by the high energy laser. Therefore, the dummy circuit 540
may be easily and strongly connected to the pixel electrode,
and the defective pixel circuit of the display substrate may be
easily repaired. Accordingly, the display substrate 500 may
have improved reliability.

FIG. 11 illustrates an embodiment of a method for repair-
ing a display substrate. The method includes electrically cut-
ting a defective pixel circuit of a plurality of pixel circuits
from a pixel electrode (S110), irradiating a laser beam on a
first intersection region to weld a pixel connection part to a
first repair line (S120), and irradiating a laser beam on a
second intersection region to weld a dummy connection part
to a second repair line (S130). The display substrate repaired
by the method of FIG. 11 may be substantially same as the
display substrate 100 of FIGS. 1 through 5B.

The method of FIG. 11 may cut a defective pixel circuit 120
of the pixel circuits that are disposed on the substrate 110
from the pixel electrode 130. For example, the method of FIG.
11 may irradiate a laser beam on a connection region CA, at
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which the pixel electrode 130 is connected to a drain electrode
129 of the defective pixel circuit 120, so that the pixel elec-
trode 130 may be cut from the defective pixel circuit 120. A
pixel connection part 128 or the drain electrode 129 at the
connection region CA may be partially melted, so that the
pixel connection part 128 may be separated from the drain
electrode 129.

The method of FIG. 11 may irradiate the laser beam on the
first intersection region WA1 to weld the first repair line 150
to the pixel connection part 128. The method of FIG. 11 may
irradiate the laser beam on the second intersection region
WA2 to weld the second repair line 157 to the dummy con-
nection part 148. The repair lines 150, 155, and 157 may
include a plurality of lines intersecting each other. For
example, the repair lines 150, 155, and 157 may include the
first repair line 150 arranged in a horizontal direction to
intersect the pixel connection part 128 at the first intersection
region WA1. The second repair line 157 may be arranged in a
horizontal direction to intersect the dummy connection part
148 at the second intersection region WA2. A third repair line
155 may be arranged in a vertical direction to intersect the
first repair line 150 at a third intersection region WA3 and to
intersect the second repair line 157 at a fourth intersection
region WA4.

In one embodiment, the first repair line 150, the second
repair line 157, and the third repair line 155 may be separated
from each other. For e